Chicken kidney contains two arginases with different sedimentation coefficients and substrate specificity. The lighter of these arginases, which hydrolyses only L-arginine, has been purified about 3000-fold. Like the 'ureotelic' arginase, developed in chicken liver after starvation, it displays many of the properties of the arginases of the 'ureotelic' species. This seems to exclude the possibility that ureotelism and uricotelism are characterized by a specific type of arginases. Both liver and kidney arginases are located in the mitochondrial matrix. The rate of hydrolysis of arginine thus not only depends on the arginase activity but also on the rate of transport of arginine into the matrix. This last process therefore is of regulatory significance.
A classification of arginases into 'ureotelic' and 'uricotelic' has been proposed by Mora et al. (1965) on the basis of the physical (molecular weight) and kinetic (Km values for arginine) differences that these authors found between bird and mammalian liver arginases.
This classification bears also a metabolic implication, since the 'uricotelic' arginases, which have been reported to possess a much higher Km value for arginine, are considered quite inefficient to hydrolyse this amino acid.
The distinction between 'ureotelic' and 'uricotelic' arginases seems, however, somewhat arbitrary. In fact, in some cases, bird arginases have been reported to display a low Km value for arginine (Brown, 1966; Smith & Lewis, 1963) , and it has been shown that dietary and hormonal stimulations develop a 'ureotelic' arginase in chicken liver clearly different from the pre-existing 'uricotelic' one Grazi et al., 1969 Grazi, 1973) . This view is strengthened by the results of the present study, where it is shown that under normal alimentary conditions chicken kidney also contains two different arginases. Of these one displays properties similar to those of the liver 'ureotelic' enzyme. Like the liverenzyme (Sandri etal., 1974) it is localized in the intramitochondrial matrix space and it does not cross-react with the rabbit antibody prepared against the liver 'uricotelic' arginase.
The persistence of arginase in the liver and in the kidney of birds, a class of animals that lack the urea cycle, is a challenge to the investigator and, at the present time, only hypotheses can be made on the function of this enzyme, which degrades an amino acid essential for the bird metabolism (Klasa et al., 1938 
Analytical methods
Homogenization of kidney, arginase assays, sucrose-density-gradient centrifugation and analytical polyacrylamide-disc-gel electrophoresis were carried out as described by . One unit of the enzyme was defined as the amount that catalyses the formation of 1,umol of either ornithine or urea/h at 37°C and pH 9.5.
Rotenone-insensitive NADH-cytochrome c reductase and succinate-cytochrome c reductase were assayed as reported by Sottocasa et al. (1967a) .
Sepharose 4B coupled with arginine CNBr activation of Sepharose was based on procedures previously described (Porath et al., 1967) . Settled Sepharose (8ml) was diluted with 24ml of water and treated with 800mg of CNBr. The pH was immediately adjusted to and maintained at 11 by titration with 4M-NaOH. When the reaction was ended (about 20min) the Sepharose was washed with 300ml ofcold0. 1 M-NaHCO3. The Sepharose was then suspended in 10ml of 0.1 M-NaHCO3, and 3 ml of 1 M-L-arginine was added; the pH was 9.0. The mixture was stirred for 16h at 2°C and then washed extensively with water. After this procedure 1 .67,umol of arginine was covalently bound/ml of settled Sepharose. Before use the arginine-coupled Sepharose (2vol.) was mixed with non-modified Sepharose (2.5 vol.).
Immunization
A solution of 1.35mg of pure chicken liver 'uricotelic' arginase ) dissolved in 0.3 ml of 0.9% NaCl was emulsified with an equal volume of complete Freund's adjuvant. A portion (0.3ml) of the resulting emulsion was injected subcutaneously and another 0.3 ml intramuscularly into the thigh ofa male rabbit. The injections were repeated 12 days later. Blood was collected from the vein of the ear 45 days after the first injection and serum was obtained by clotting the blood at room temperature. The serum was stored at -20°C. Samples of serum prepared before the injection of arginase were used as controls in all experiments and did not precipitate the enzyme.
Preparation ofmitochondria
Mitochondria were prepared essentially by the method of Johnson & Lardy (1967) for rat liver. Four to six chickens were decapitated; the kidneys were removed as quickly as possible, soaked in icecold 0.2M-mannitol and rapidly cut into small pieces with stainless-steel scissors. The medium was changed two or three times to eliminate most of the blood. The tissue was then homogenized in a Potter-Elvehjem homogenizer in portions (4-5g) in 0.2M-mannitol at 10% (w/v). The homogenate was then centrifuged at lOOOg for 10min, and the supernatant at 3000g for 20min. The mitochondrial pellet, resuspended in 0.2M-mannitol, was washed twice with 0.2M-mannitol and centrifuged at 5000g for 10min.
Subfractionation ofmitochondria
Mitochondria were subfractionated into outer membrane, inner membrane plus matrix and soluble fractions as described for rat liver by Sottocasa et al. (1967b) . At variance from that procedure, the swelling medium was 10mM-triethanolamine buffer at pH7.8; in the contraction medium Mg2+ and ATP were omitted, and in the density gradient lOmM-triethanolamine buffer was included throughout.
Purification procedure
Purification was performed at 2°C unless otherwise indicated (Table 1) . First, chicken kidney (29g) was homogenized for 3min at 20C with lOOml of 0.15M-KCI, containing 5nM-MnCI2. The homogenate (130ml) was centrifuged for 1 h at 12000g. The supernatant was discarded. The precipitate was homogenized in Waring Blendor for 3min with 200ml of acetone chilled to -20°C. The resulting suspension was filtered on a Buchner funnel. The residue was again homogenized in the Waring Blendor for 3min. The acetone-dried powder was extracted at 2°C by homogenization with 100ml of 0.1 M-triethanolamine-HCl buffer, containing 0.01 M-2-mercaptoethanol, pH7.5, followed by stirring for 15min. The suspension was centrifuged for 15min at 12000g and the supernatant was collected (volume of extract lOOnm).
(NH4)2SO4 precipitation. The extract (100ml) was treated with 19.4g of solid (NH4)2SO4. The turbid suspension was centrifuged; the precipitate was collected by centrifugation and dissolved in 25ml of O.1M-triethanolamine-HCl buffer, containing 0.1M-2-mercaptoethanol, pH7.5 (volume ofthe (NH4)2SO4 fraction 27ml).
Protamine sulphate andsecond(NH4)2SO4precipita-tion. The (NH4)2SO4 fraction (27ml) was treated with 0.5ml of a 2% (w/v) water solution of protamine sulphate. The precipitate, recovered by centrifugation, was extracted for 10min with 25ml of a 0.5M-Na2SO4 solution containing 0.1M-glycine, pH9.5. The mixture was then centrifuged and the supernatant solution (25ml) was treated with 4.85g of solid (NH4)2SO4. The precipitate, recovered by centrifugation, was dissolved in 10ml of 0.1 M-triethanolamine-HCl buffer containing 0.1 M-2-mercaptoeth- Sepharose 6B filtration. The second (NH4)2SO4 fraction was passed through a column (3.9cmx 78cm; 960ml) of Sepharose 6B equilibrated with 50mM -triethanolamine -HCl buffer, containing lOOmM-2-mercaptoethanol and 0.2% Triton X-100, pH7.5, and was eluted with the same buffer at the rate of 20ml/h. Fractions (lOml) were collected. The enzymic activity was recovered between fractions 46 and 55 (volume of the Sepharose 6B fraction 90ml).
Arginine-coupled Sepharose 4B chromatography. The Sepharose 6B fraction (90ml) was diluted to 180ml with water and passed through a column (1.4cmx 3.4cm; 4.5ml) of modified Sepharose 4B equilibrated with 50mM-triethanolamine-HCI buffer, containing 100mM-2-mercaptoethanol and 0.2% Triton X-100, pH7.5. The column was then washed with 180m1 of the same buffer, followed by portions (3x20ml) of the same buffer supplemented respectively with 0.06, 0.1 and 0.4M-NaCI. The enzymic activity was eluted with the last 6ml of the 0.1M-NaCI fraction and with the first 6ml ofthe 0.4M-NaCl fraction. The two fractions contained protein migrating as single bands to the same position. The two fractions were therefore combined (volume of the arginine-coupled Sepharose 4B fraction 12ml).
The enzyme preparation, after dialysis for 3 h against lOmM-triethanolamine-HCl buffer, containing lOmM-2-mercaptoethanol, pH7.5, was concentrated to 3 ml with Lyphogel.
Results
'Ureotelic' arginase from chicken kidney Chicken kidney homogenate, at pH9.5 and 370C, hydrolyses both L-arginine and L-argininic acid at the relative rate of 20: 1. The hydrolysis of the two compounds is linked to two different proteins with s2o,, 6.3 and 9.2 S respectively by sucrose-density-gradient centrifugation analysis of the kidney preparation (Fig. 1) . The lighter ofthe two proteins, which is completely devoid of hydrolytic activity on L-argininic acid, was purified about 3000-fold with an overall yield of 36 % ( Table 1) . The purified arginase migrates as a single protein band on polyacrylamide-disc-gel electrophoresis at pH9.0. Its catalytic activity increases by a factor of 6 betweenpH7.5 and 10.0, but its Kmvalue for arginine is fairly constant over the same pH range (Fig. 2) . The enzyme is sensitive to weak chelating agents. At pH7.5 it is inactivated by incubation for 10min at 37°C in the presence of 7mM-ATP.
Intramitochondrial location of'ureotelic' arginase
Fractionation of the kidney mitochondria by differential centrifugation reveals that approximately Vol. 145 95% of the arginase activity is associated with the mitochondrial fraction.
Subfractionation to resolve the outer (light fraction) from the inner (heavy fraction) membrane of the mitochondria shows that some 64% of total protein is recovered in the heavy fraction whereas the light one collects only 9% of the protein. The distribution of rotenone-sensitive NADH-cytochrome c reductase indicates that a considerable concentration of this activity occurs, as expected, in the light fraction. However, the bulk of succinatecytochrome c reductase is recovered in the heavy fraction. The distribution of arginase is bimodal in both the heavy and the soluble fractions. The light fraction is practically devoid of arginase activity (Table 2 ).
Reaction ofarginases with rabbit antibody
When the acetone-dried powder extract of the liver from fed chickens is titrated with the antibody Tube nio. Fig. 1 . Sucrose-density-gradient centrifugation analysis of chicken kidney Acetone-dried-powder extract (Table 1) was treated with (NH4)2SO4 (70% saturation) and the protein precipitated was dissolved with lOmM-triethanolamine-HCI buffer, pH7.5, containing 5mM-MnCl2 (one-fourth ofthe original volume). A portion (0.15 ml) of the resulting solution, supplemented with 0.1 mg of aldolase, was layered on a 5-20% (w/v) sucrose gradient. After 14h of centrifugation at 11OOOOg and 10°C, the gradient was fractionated into 0.15ml fractions (meniscus at tube 29) and analysed for aldolase and arginase activities with arginine (o) and with argininic acid (0) as substrate. Analyses were carried out as previously described . The arrow indicates the position of the aldolase peak (s2o.w 7.35 S). (Fig. 3) .
Discussion
In the liver of starved chickens, in addition to the normal 'uricotelic' arginase, characterized by a sedimentation coefficient of 9S and active on both L-arginine (Km 40-100mM) and L-argininic acid, a 'ureotelic' arginase with a sedimentation coefficient of 5.7S, which only hydrolyses L-arginine (Km 4-10mM) , is also found.
In the kidney of fed chickens about 95% of the arginase activity is linked to a protein with a sedimentation coefficient of 6.3 S, and the remaining activity is due to a heavier protein that also hydrolyses L-argininic acid. Thus the arginase pattern of the two organs appears very similar, as is further confirmed by the careful comparison ofthe properties ofthe purified 'ureotelic' arginases from liver and kidney. coefficients, identical substrate specificity, and nearly identical Km values for arginine. In both enzymes the Km value for the substrate is not influenced by changes in the pH. This behaviour is not very common and is completely different from that of the 'uricotelic' enzyme from liver Grazi, 1973) . Both the 'ureotelic' arginases are inactivated by incubation with 7mM-ATP at 37°C, a treatment that does not affect the 'uricotelic' arginase from liver . Also the antigenic specificity of the two enzymes appears to be similar. They do not cross-react with the rabbit antibody prepared against the 'uricotelic' arginase from liver. The latter, on the contrary, is precipitated, with complete retention of the catalytic activity, after reaction with its antibody.
The localization of the two 'ureotelic' enzymes is also the same. They are found in the mitochondrial matrix (Sandri et al., 1974; this present paper) .
According to these results a classification of arginases into 'ureotelic' and 'uricotelic' types, based on properties'such as molecular weight, affinity for the substrate and antigenic specificity, does not seem to hold, at least for chickens.
The 'ureotelic' enzymes that we have isolated from the liver and from the kidney of chicken do not seem to differ, at least in metabolic efficiency and in sedimentation coefficient, from those isolated from rat. They differ, on the other hand, in intracellular distribution. The intramitochondrial location of the arginases in chickens is possibly of regulatory significance. In the liver and in the kidney the transport of arginine occurs only in respiring mitochondria and in the presence of proton-yielding anions (phosphate, acetate, bicarbonate) (Gamble & Lehninger, 1973; E. Grazi, E. Magri & G. Balboni, unpublished work) . The rate of arginine hydrolysis can thus depend also on the rate of its transport into the mitochondria, as appears to be the case in kidney (E. Grazi, E. Magri & G. Balboni, unpublished work) . An increased rate of transport may divert arginine from the synthesis of protein to the synthesis of guanidoacetate and also increase its hydrolysis into ornithine, with the subsequent oxidation through the tricarboxylic acid cycle.
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